Introduction
Earthquake disaster mitigation requires rapid and efficient search and rescue of survivors. Urban Search and Rescue (USAR) workers have 48 hours to find trapped survivors in a collapsed structure, otherwise the likelihood of finding victims alive in nearly zero. As recently seen in Turkey (1999), Taiwan (1999) provide a complete search in three dimensions, and (4) extend the reach of USAR specials to go places that were otherwise inaccessible. For the robots to handle these tasks, appropriate mobile bases need to be developed which can crawl through unstructured terrain, heavy rubble and confined spaces. Some hardware platforms such as small robots, shapeshifting robots, and flexible snake robots already exist, but they have riot been specially designed for urban search and rescue. Moreover, and perhaps more importantly, current and future devices will not be usable by USAR personnel unless software is developed to reduce or eliminate the burden of tele-operating them for long periods of time under emotional and physical stress. So, both robot mechanisms and software development are the current focus of development for urban search and rescue robots.
How Can Robots Help?
USAR workers typically assume that they have 48 hours to locate and remove survivors. After 48 hours, mortality drastically increases due to exposure, and lack of water, food, and medical treatment. Unfortunately, rescue workers will not have enough assets (personnel, equipment) to rescue all victims; instead the situation requires triage. The first thing rescue workers do is attempt to asses the structural characteristics of the site and determine entry points which might lead to pockets of survivors. As the search progresses, workers constantly attempt to both locate survivors, as well as assess the effort/risk involved in rescue due to the the rescue workers cannot enter the location until an engineer assesses the physical structure. A major concern is whether the weight and movement of rescue workers will trigger a further collapse as they go into or on the building to manually deploy sensors. This is true for situations like in Taiwan where a 16 story apartment building was intact but tilting. The structure was easy for workers to work in. but there was an unacceptable risk of collapse. Large commercial buildings are even more difficult to work in because of the amount of pancaking; workers can only access these buildings via the roof which limits access to most of the lower levels and presents another danger because parts of the structure may not support the weight of rescue workers. Due to the danger of workers being crushed by structural collapse, the site needs to be shored up and made safe for rescuers to enter [3] . This procedure takes up three to four critical early hours of the disaster which are crucial to finding victims alive [4] . Another limitation of the human rescue workers is their inability to search through confined spaces and unstable structure. This was observed at the Humberto Vidal multistory building collapse in San Juan, Puerto Rico in 1996. The building was deemed too unstable to perform recovery operations and the rescue workers were unable to recover a trapped victim whose location was identified by search dogs. The victim was unable to be rescued until the building was razed by implosion [2] . There is also a significant health risk to the rescue workers. Not only can they get cuts, scrapes. burns and broken bones, but also suffer respiratory injuries due to hazardous materials, fumes, dust and carbon monoxide.
They are also susceptible to diseases such as diphtheria, tetanus and pneumonia. As observed from the rescue efforts at the Oklohoma City Bombing event in 1995, the rescue workers are also affected with, psychological pers also provide the ability to increase the height of the camera on top of the robot and give it some mobility advantage.
The SPAWAR Urbot is a wireless, large suitcasesized, 33in. long tracked vehicle. The sensor suite consists of a Sony EVI-330/T camera system with 12x mechanical zoom, 24x digital zoom, auto-iris, and auto focus. Two lowsilhouette drive cameras on the top and bottom cover panels provide views in either robot con- 
